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1. Introduction 
The chloroplast genetic system contributes a small, 
but essential part to the biosynthesis of the organelle 
[1]. Chloroplast DNA, a covalently closed circular 
molecule with a circumference of 40-54/am, codes 
for the RNA constituents of the chloroplast ribosomes 
[2]. These ribosomes synthesize a number of poly- 
peptides amongst which the large subunit of ribulose- 
1,5-bisphosphate carboxylase [3-5] and a 32 000M r
shielding protein [6]. The genes for these polypep- 
tides have been precisely localized on cpDNA. The 
coding site of other translation products, like subunits 
of CF1 [7] and photosystem I [8], is unknown. 
Here, we report on the coupled transcription- 
translation of cpDNA of Spirodela oligorhiza, a small 
aquatic plant, very suitable for biosynthetic studies 
with a well-characterized cpDNA [9-11 ]. An extract 
ofEscherichia coli was used to express the genetic 
information ofSpirodela cpDNA. The products were 
analyzed by immuneprecipitation with heterologous 
antisera raised against spinach a- and/3-subun!ts of 
CFx. It appears that Spirodela cpDNA codes for the 
a- and 3-subunit of CF~. Our results uggest that the 
method used is a powerful tool in elucidating the 
coding capacity of cpDNA. 
2. Materials and methods 
Spirodela oligorhiza was cultured as in [11]. Plants 
were labeled by growing on a low sulphate medium in 
Abbreviations: cp, chloroplast; chl, chlorophyll; CF1, chloro- 
plast coupling factor 1 ; SDS, sodium dodecylsulphate; app. 
Mr, apparent relative molecular mass; CPI, chlorophyll pro- 
tein complex I; CBB, Coomassie brilliant blue 
the presence of Na23Sso4 (Amersham). After 5 gen- 
erations (~10 days) the plants were harvested and 
washed with sterile water. Plants were homogenized 
in a Waring Blendor with 3 4 vol. 0.33 M sorbitol, 
10 mM EDTA, 50 mM Tricine-KOH (pH 8.0), 2 mM 
MgC12 and 4 mM fl-mercaptoethanol. The homoge- 
nate was filtered through nylon cloth and chloro- 
plasts were pelleted by centrifugation at 2000 X g for 
5 rain at 4°C. Chloroplasts were lysed by resuspending 
in sterile water in the presence of a freshly prepared 
solution containing: 1mM p-aminobenzamidine, 
phenylmethyl sulfonyl fluoride, N-tosyl-L-phenyl- 
alanyl cldoromethane and N-tosyl-L-lysyl chloro- 
methane and fractionated on a discontinuous sucrose 
gradient as in [12]. Thylakoid membranes were pel- 
leted by centrifugation at200 000 × g. These mem- 
branes appeared to be free of ribulose-1,5-bisphos- 
phate carboxylase contamination. Solubilization of 
thylakoid membranes was done by resuspending in 
2.5% SDS (Serva), 6.25 mM Tris-HC1 (pH 8.5), 
50 mM DTT and 15% glycerol, to 1 mg chl/ml [13]. 
Polyacrylamide gel electrophoresis was performed 
according to [14]; the gradients were stabilized by 
0.2% polyacrylamide. Gels were stained with CBB-R 
250 and estained in 25% methanol, 7.5% acetic acid. 
Fluorography with Kodak Royal X-O-Mat XR1 was 
used to detect labeled proteins [15]. Phosphorylase b 
(M r 94 000), bovine serum albumin (M r 67 000), 
ovalbumin (M r 43 000), carbonic anhydrase (Mr 
30 000), soybean trypsin inhibitor (M r 20 000) and 
lactalbumin (M r 14 000) were used as M r markers. 
Immuneprecipitation was done as in [ 16] with the 
modification in [17]. Chloroplast coupling factor 
(CF1) was isolated and its enzymatic activity deter- 
mined as in [27]. Protein blotting on nitrocellulose 
(Sartorius, 0.1/am) and immtmodetection f protein 
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was done according to [28] as modified [18]. 
cpDNA was isolated as in [11] and transcribed- 
translated in the E. coli PR7 extract [19]. In vitro 
protein synthesis with isolated chloroplasts was per- 
formed as in [20]. Protein fractions were isolated as 
in [12]. 
3. Results 
The subunit composition of CF1, isolated from 
Spirodela chloroplasts was analyzed by SDS-poly- 
acrylamide gel electrophoresis. Fig.1 shows that it 
contains 5 subunits, like CF1 of other organisms, 
with Mr-values similar to those reported for other 
coupling factor preparations [21 ]. On the basis of this 
analysis the Spirodela CF1 preparation is rather pure 
and, in accordance with this, the specific ATPase 
activity of this preparation is 20-40/amol  ATP 
hydrolyzed, rain -1 . mg protein -~. 
To investigate the feasibility of the use of antisera 
Mrx lO -3  
94-  
raised against purified CF1 subunits from spinach, to 
detect he corresponding Spirodela CF1 subunits, we 
have analyzed the immunoprecipitates of a thylakoid 
extract of Spirodela plants grown in the presence of 
[3SS] sulphate. Fig.2 shows the autoradiogram of the 
SDS-polyacrylamide g l analysis of the immunopre- 
cipitate. Besides a non-specifically precipitated band 
with M r 29 500 (which is also precipitated by a non- 
immune serum) we do fred that the heterologous 
spinach antisera precipitate the corresponding 
Spirodela CF1 subunits. The extra bands in lanes 3 
and 4 are caused by precipitation of subunit/3 by the 
anti a-serum and by precipitation of a breakdown 
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Fig.1. Sp~rodela oligorhiza chloroplast proteins eparated on 
a 7.5-15% polyaerylamide gradient SDS gel after staining 
with CBB-R 250: (1) marker proteins; (2) purified CFfi (3) 
purified thylakoid proteins; (4) total chloroplast proteins. 
1 2 3 4 
Fig.2. Fluorogram of a 7 .5 -15% polyacrylamide gradient 
SDS gel of immunoprecipitated 3sS-labeled Spirodela thy- 
lakoid proteins: (1) marker proteins; (2) total thylakoid pro- 
teins; (3,4) immuneprecipitate with anti-subunit ~ and fl sera, 
respectively. 
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product of subunit/3 [22] by the anti/]-serum. The 
Mr-values of the precipitated bands are in very good 
agreement with the values from fig.1. Similar results 
were obtained with the anti-subunits 7, 5 and e sera 
(not shown). The cross-reactivity of the spinach anti- 
sera with CF~ subunits of other organisms like pea 
(Pisum sativum), or garden cress (Lepidium sativum), 
could also be detected using a protein blot method 
(not shown). Apparently there is a close antigenic 
similarity between all coupling factor subunits of these 
non-related plants. Only minor differences between 
theMr-values of the CF~ subunits could be detected 
in these different organisms. 
The finding that spinach antisera re capable of 
detecting specifically Spirodela CF1 subunits enabled 
us to confirm that also in this organism subunits a,/3 
and e are translated on chloroplast ribosomes. There- 
fore we incubated isolated chloroplasts under condi- 
tions optimal for light-driven protein synthesis [20] 
in the presence of [3SS]methionine and subjected a
thylakoid extract, free of chlorophyll [23], to 
immuneprecipitation. Subunits a,/3 and e incorpo- 
rated radioactivity (fig.3), and are therefore trans- 
M r x 10 -3  
94 
67  
T 43 
30 
20 
14 
! 2 3 4 5 6 7 
Fig.3. Fluorogram of a 8-20% polyacrylamide gradient SDS
gel of im munopreeipitated 35 S-labeled products of light-driven 
protein synthesis by isolated chloroplasts; (1) total chloro- 
plast translation products; (2-6) immuneprecipitate with 
anti-subunit a, #, 7, 6 and e sera, respectively; (7) marker pro- 
teins. 
lated on chloroplast ribosomes. Subunits 3' and 6 do 
not have incorporated radioactivity and most likely 
are cytoplasmic translation products. In all lanes a 
minor band is seen, caused by coprecipitation of the 
heavily labeled large subunit of ribulose-1,5-bisphos- 
phate carboxylase. These observations confirm and 
extend those in [7,8,24,25]. 
To establish the coding site for subunits a and/3 
we have expressed tile genetic information present on 
.~pirodela cpDNA in a coupled transcription-trans 
-3  
M r x 10  
- -  94  
- -  67  
- -  43  
- -  30  
- -  20  
- -14  
1 2 3 4 5 
Fig.4. Fluorogram ofa 8-20% polyacrylamide gradient SDS
gel of immunoprecipitated 3s S-labeled products of coupled 
transcription-translation ofSpirodela cpDNA: (2) total 
translation products immuneprecipitated with anti-subunit a 
serum; (3) total translation products; (4) total translation 
products with anti-subunit #-serum. For comparison (1) 
shows the protein stain ofa CF 1 preparation run on the same 
gel; (5) marker proteins. 
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lation system, isolated from E. coli [4,19]. The 
[3sS] methionine labeled products were subjected to 
immuneprecipitation and the precipitate nalyzed by 
SDS-polyacrylamide g l electrophoresis. Fig.4 shows 
the results. When the E. coli system is programmed 
with isolated cpDNA, a number of discrete polypep- 
tides is synthesized in addition to a fair amount of 
low-M r polypeptides. The latter are most likely caused 
by the fact that our cpDNA is in part randomly broken 
down so that artificial starts and stops during tran- 
scription may have occurred. Analysis of the immuno- 
precipitates shows that polypeptides with Mr-values 
corresponding to subunits a and/3 of CF1 are recog- 
nized by the respective antisera. The reliability of the 
approach is further demonstrated by the fact that 
digestion of the cpDNA with XhoI specifically leads 
to the disappearance of subunit a. Digestion of 
cpDNA with SacI, prior to programming the extract, 
leads to the disappearance of subunit/3 (not shown). 
We interpret hese results in such a way that the genes 
for subunits a and/3 lie on cpDNA with a restriction 
site for XhoI and Sacl in the genes for a and/3, 
respectively. 
4. Discussion 
Our results suggest that there is an antigenic on- 
servation of all 5 subunits of CF ~. This is in apparent 
contrast with the results obtained in [22] who found 
cross-reactivity only with subunits a and/3 of CFa of 
different organisms and not with the other subunits. 
This discrepancy, however, can be explained by the 
different sensitivities of the techniques used. The 
immunoprecipitation procedure we have used is inde- 
pendent of secondary network formation and there- 
fore inherently more sensitive than techniques such as 
crossed immunoelectrophoresis used in [22]. The 
cross-reactivity of antisera raised against certain poly- 
peptides with the corresponding antigen from a dif- 
ferent organism is not limited to subunits of the chlo- 
roplast coupling factor. Other examples, e.g., with 
CP I and ferredoxin, have been found ([26], our 
unpublished results). These results suggest that heter- 
ologous antisera can be used more universally in 
developmental studies, e.g., dark-light ransition and 
in studies uch as this. 
The prokaryotic nature of chloroplast DNA makes 
expression of  the genetic information present on it, 
possible in a bacterial coupled transcription-transla- 
tion system [4]. The accuracy of this system is shown 
by the fact that polypeptides are synthesized with an 
M r and antigenic determinants identical to the original 
antigen. This enabled us to establish the coding site of 
subunits a and/3 of  CF1. 
Soon it should be possible to establish tile exact 
location of  the genes for these 2 subtmits on cpDNA 
by expressing the information of  suitable cloned chlo- 
roplast DNA restriction fragments and to study the 
expression of these genes in more detail. 
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